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Abstract: A M6. 6 earthquake occurred on July 22, 2013 at Dingxi Basin in Gansu Province within the 
tectonially expanding northeastern margin of the Qinghai-Tibet Plateau. We analyzed the geomorphological 
features of the Dingxi Basin by using remote sensing technology and compared them with local seismic activity. 
We found that most of the river basins are at the robust stage of development and that the major local rivers and 
the development of some basins boundaries are controlled by the seismic faults. Among fonr wnes identified to 
have significant tectonic activities, the northwestly-oriented one located in the south has the highest seismic 
activity , and it is where the M6. 6 earthquake occnrrred. 
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1 Introduction 
The Qinghai-Tibet Plateau , which is caused by the 
collision of Indian plate with Enrasian plate , has 
continued to expand and grow since Cenozoic time, 
and the northeastern margin of the plateau is consid-
ered to be a frontier of the expansion[']. A M6. 6 earth-
quake occurred on July 22,2013, with epicenter loca-
ted between the counties of Minxian and Zhangxian at 
Dingxi Basin of Gansu Province in this margin. In this 
study we tried to investigate the relationship between 
the local seismic activities and the basins' geomorpho-
logical features. 
The geomorphological features were studied by re-
mote sensing technology and a digital elevation model 
( DEM) , both of which have been used as tools for the 
study of plateau uplift and orogenic evolution [2 ] • The 
analysis of river geomorphology features may help 
understand the status of a regional tectonic activity. To 
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facilitate such studies, Strahler['·41 designed a hypso-
metric integral to quantitatively analyze the impact of 
tectonic activity and erosion on the basins. Also, Hack[s] 
proposed a river longitudinal logarithmic plot and 
stream length-gradient ( SL) index for studying the in-
fluence of lithology and tectonic activity on stream 
length -gradient data. 
2 Overview of the study area 
Dingxi Basin covers one district ( An' ding ) and six 
counties: Linta.o, Weiyuan, Longxi, Tongwei, Zhan-
gxian and Minxian , with elevation ranging from 1640 m 
to 3900 m ( Fig. 1 ) . Dingxi Basin is divided by the 
Weihe river into two parts: A loess plateau in the north 
and a chilly and humid region of high -elevation in the 
south. Other main rivers in Dingxi Basin include Tao-
he, Pangshahe, Xianhe. 
3 Analysis 
3. 1 Extraction of river and basin 
To analyze the topography, we used ASTER GDEM, 
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which has a 30 m horizontal and a 20 m vertical preci-
sion, as a data source. After filling low-lying land and 
calculating the flow direction and accumulation , we 
extracted the river networks. From the Strahler grade of 
the river networks and the GIS data announced by 
National Fundamental Geographic Information System 
( NFGIS) , 33 major rivers were identified as R1 to 
R33. According to the river networks and flow direction, 
watershed segmentation was employed to get the basins of 
each river. According to the merging of basins, 11 river 
basins were obtained ( B 1 to B 11). The distribution of the 
rivers and basins are shown in figure 2 and table 1. 
3. 2 Hypsometric integral 
Total elevation ( H) is relief within basin ( maximum 
elevation minus the minimum elevation ) , total area 
( A) is total surface area of basin , and area ( a) is 
surface area within basin above a given altitude ( h) . 
Figure 1 Digital elevation model of Dingxi Basin 
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(a) Hypsometric integral plot (Bl-B5) 
The hypsometric integral curves of the 11 basins 
( Fig. 3 ) are mostly concave in shape, especially B 1 
and B4, but B6 to B 11 are relatively flat. Such curva-
ture indicates the degree to which the basin is affected 
by tectonic uplift and erosion [ 6 l . 
As a measure of developmental stage, the Hypsomet-
ric integral (HI) of basins is calculated by[?] : 
HI 
H mean-H min 
Hmax -Hrnin 
(1) 
where Hmean , Hrnin and Hmax are, respectively, mean, min-
imum, and maximum of basin elevation. Table 2 shows 
the calculated parameters of the basins[sJ_ The influences 
of tectonic uplift and erosion are different at different ba-
sin-developmental stages; uplift dominates at a young 
stage, erosion dominates at an old stage, and they bal-
ance each other at a robust stage[9J. 
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Figure 2 Rivers and basins of the study area 
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Figure 3 Hypsometric integral plot 
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Table 1 Correspcmding relation between ri.ers and -.,. 
Basin No. River No. River names 
Rl(lower) Taohe lower reaches 
RIO 
Bl R13 
R23 Haoslruigou 
R25 
Rl(upper) Taohe middle reaches 
R2 
B2 
R5 Nanahe 
R28 Xihe 
R4 
Rl2 Guanclruanhe 
R3 
Rl6 
R29 
R3 
B4 R9 
R20 Keyanghe 
Elevation(m) 
Basin No. 
Min Max Difference 
Bl I 708 3 920 2212 
B2 2024 3895 1871 
B3 1520 25W I 049 
B4 1539 3477 1938 
B5 1534 3 921 2387 
116 1661 2333 672 
B7 1331 2398 I 067 
B8 1379 2525 1146 
B9 1412 2439 1 027 
BIO 1485 3 117 1632 
Bll 1455 3 210 1815 
3. 3 Stream length-gradient 
Hack represents river longitudinal profile by the loga-
"th . . [10] n nne equation . 
H=c-KlogL (2) 
where H represents the elevation of the river, c is a 
constant , the so-called "equilibrium gradient index" K 
indicates the slope of the profile curve , and L repre-
sents the distance from the river source to the basin 
oudet. The stream length-gradient ( SL) index is cal-
culated by1101 • 
Basin No. River No. River names 
R21 Cuijishe 
R22 Xiaohe 
B4 
R27 Weihe 
R33 
R7 
R8 Tiegouhe 
B5 Rl8 Nahudahe 
Rl9 Zhanghe 
R31 
Rl5 
116 
R24 
B7 R26 
B8 R30 Niugohe 
B9 R32 Knshuihe 
BIO R6 Naohe 
Bll Rl7 Yanzihe 
Area (km2 ) HI Developmental stage 
4 531.7 0.256 2 old (robust) 
3 103.2 0.4096 robust( old) 
3 5JI. 9 0. 510 8 robust 
3 999.2 0.3034 old ( robust) 
3 602.6 0. 417 5 robust( old) 
746.5 0.4963 robust 
I 249.2 0. 492 2 robust 
10929 0.506 8 robust 
717.5 0. 461 9 robust 
361.6 0.4985 robust 
485.3 0.4742 robust 
SL=(t:.HIM.)L (3) 
tJ.H represents the elevation difference of unit river sec-
tion , M is the distance of the unit river section ( set to 
lkm in this study) , L represents the distance from the 
river source to the midpoint of the river section. There 
is a close relationship between SL and erosion resist-
ance of bedrocks. An abnormal SL peak in the same 
bedrock reflects the impact of recent tectonic activity 
on the development of the river[ 111 • 
Figure 4 shows the calculated Hack profiles nf the 
major rivers in Dingxi Basin. All curves are convex to 
different degrees . Table 3 lists the calculated geomor-
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(a) Hack profiles of the major rivers (Rl-R6) (b) Hack profiles of the major rivers (R7-R12) 
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(c) Hack profiles of the major rivers (Rl3-Rl8) (d) Hack profiles of the major rivers (Rl9-R24) 
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Figure 4 Hack profiles of the major rivers 
phological parameters of the major rivers. 
Because of the difference in river length , the SL 
indexes of the major rivers are difficult to compare. 
Thus we have used the SL/K index, which is the 
standardization of SL , to identify the abnormal river 
sections (any value bigger than 5 ) [ Sl • Table 4 shows 
the statistics of abnormal sections. 
As shown in table 4, there are 8 nvers with an 
abnormal rate greaterthan0.2 : Rl , R12, R15, R18 , 
R24, R26, R30, R31. Figure 5 is a SU K line chart 
of the abnormal rivers. Figures 5 and 6 show that the 
identified abnormal sections are not concentrated near 
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the stratigraphic boundaries ( dashed lines ) , but are 
distributed mostly in the same bedrocks , indicating 
that the impact of tectonic uplift is greater than that of 
lithological changes. 
The abnormal river sections indicate the impact of the 
tectonic uplifts, which intersect the rivers approximately 
vertically. In this way, we identified four zones of rela-
tively strong tectonic activity (Fig. 6) : The northwestly-
oriented Zone 1 and 4, the noth-northwestly-oriented 
Zone 2, and the northeastly -oriented Zone 3. 
Table 3 Geomorphologic parameters of the IWI.ior rivers 
River No. 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIO 
R11 
R12 
R13 
R14 
R15 
R16 
R17 
Length 
(km) 
318.1 
46.8 
45.4 
40.5 
25.6 
51.6 
70.8 
21.3 
29.4 
39.7 
44.6 
146.6 
36.2 
27.2 
35.1 
26.4 
51.7 
Elevation( m) 
Source Outlet Difference 
2475 
3090 
2236 
2208 
2760 
2507 
2650 
2728 
2172 
2430 
2224 
2129 
2423 
2999 
1906 
2054 
2497 
1658 
2311 
1736 
1891 
2285 
1492 
1639 
2079 
1796 
1910 
1857 
1530 
1821 
1815 
1673 
1827 
1487 
817 
779 
500 
317 
475 
1015 
1011 
649 
376 
520 
367 
599 
602 
1184 
233 
227 
1010 
K 
148.5 
166.8 
107.4 
68.8 
107.8 
215.4 
208.4 
150.0 
84.2 
113. 1 
78.9 
115.9 
132. 1 
267.0 
51.3 
51.3 
214.3 
River No. 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
Length 
(km) 
33. 7 
78.6 
21.4 
19.0 
47.6 
25. 1 
21.8 
22.3 
87.8 
111.6 
42.3 
23.9 
80.9 
95.6 
50.9 
45.2 
Elevation( m) 
Source Outlet Difference 
2827 
2721 
2081 
2252 
2345 
2641 
2002 
2624 
1939 
2654 
3118 
2271 
2186 
2892 
1987 
2072 
1902 
1591 
1796 
2007 
1879 
1810 
1780 
1764 
1344 
1563 
2342 
1941 
1421 
1547 
1441 
1690 
925 
1130 
285 
245 
466 
831 
222 
860 
595 
1091 
776 
330 
765 
1345 
546 
382 
K 
204.3 
230.8 
65.8 
57.3 
99.6 
188.9 
51.2 
197.8 
120.4 
216. 1 
167.7 
75.4 
155.9 
270.0 
116.0 
82. 1 
Table 4 Abnormal SV K statistics of the IWI.ior rivers 
Number of 
Number of Abnormal Number of 
River No. abnormal sections River No. 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIO 
R11 
R12 
R13 
R14 
R15 
R16 
R17 
sections rate sections 
319 
47 
45 
41 
26 
52 
71 
22 
30 
40 
45 
147 
37 
28 
36 
27 
52 
(SLIK>5) 
153 
1 
6 
1 
2 
2 
7 
1 
3 
3 
2 
39 
1 
0 
10 
5 
4 
0. 479 6 
0. 021 3 
0. 133 3 
0.024 4 
0. 076 9 
0. 038 5 
0. 098 6 
0. 045 5 
0.100 0 
0. 075 0 
0.044 4 
0. 265 3 
0.027 0 
0 
0. 277 8 
0. 185 2 
0. 076 9 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
34 
79 
22 
20 
48 
26 
22 
23 
88 
112 
43 
24 
81 
96 
51 
46 
Number of 
abnonnal sections 
(SLIK>5) 
7 
6 
0 
2 
3 
0 
6 
0 
24 
5 
1 
0 
18 
21 
9 
9 
Abnormal 
rate 
0. 205 9 
0. 075 9 
0 
0.100 0 
0. 062 5 
0 
0. 272 7 
0 
0. 272 7 
0.044 6 
0. 023 3 
0 
0.222 2 
0. 218 8 
0. 176 5 
0. 195 7 
22 Geodesy and Geodynamics Vol.4 
2600 250 2200 35 
2500 T K p c Qp 0 K N Qp N Qp 
2 100 30 
2400 200 
2300 2000 25 
82200 150 11900 20 
12100 ~ 15~ ~ 2000 l>j i:jl1 800 100 
1900 
1700 ~ 10 1 800 50 ~ 1 600 5 1700 15oo~~ I~ r--16000 ....... 0 0 50 350 0 50 100 150 
L(km) 
(b) R12 
1 950 12 2900 30 
Qp K Qp Qh 2 800 Qh c p 
10 25 2 700 
1 850 8 2600 20 
~ ~ 
~2500 
15~ :a 1 600 6 ih2 400 
"il l>j "il 0::: 0:::2300 
1 750 4 10 2200 
1700 2 2 100 5 
2000 
0 19000 0 30 35 40 5 35 
25 2000 20 
1 900 
18 
20 16 
1 800 14 1 950 
~ 15 ~ 1700 12 
:a 1 900 ~ :a 10~ 
"il l>j i:jl1 600 0::: 10 8 
1 850 
1 500 6 
5 4 
1 800 1400 
1 7500 0 25 
20 25 
18 
16 20 
2000 
14 
2500 ~1900 12 I 15 El 11800 10 ~ ~ ~ 1700 l>j ~ 8 10 
4 2000 
1600 
6 5 
1 500 2 
0 
80 90 
Figure 5 SL and SVK lines of the abnormal rivers 
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Figure 6 Distribution of abnormal river sections 
3. 4 Geomorphological features and seismic activity 
To study the correlation between geomorphological fea-
tures and local seismicity, we superimposed on figure 6 
the distributions of active faults according to Deng 
Qidong and 399 earthquakes of M>2 since 1965 accord-
ing to China Earthquake Networks Center. As shown in 
figure 7, most of the earthquakes occurred in a triangu-
lar southern region bordered by the Northern Xiqinling, 
Lintan-Tanchang, and Lixian-Luojiabao Faults. 
We divided the period since 1965 into 10 five-year 
sections , in which the statistics of earthquake number 
and average magnitude of each basin. As shown in figure 
8 ( a) , the number of earthquakes in B 1 , B2 , B5 and 
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Figure 7 Distribution of abnormal sections , 
earthquakes, and active faults 
B7 are greater than in other basins ; the number of 
earthquakes tend to increase with time in B2 and B5 , 
remain stable in B 1 and B7 , and show cyclical changes 
in B3. Figure 8 (b) shows that the average magnitude 
was gradually increasing in B2, but was relatively sta-
ble elsewhere. 
As shown in figure 7 , the spatial distribution of 
earthquakes in the study area is clustered. We calcu-
lated the distance between earthquake epicenter and 
basin boundary , and show the statistics in figure 9. 
The result indicates that 68. 3% of the earthquakes 
occurred within 4. 7 km of a basin boundary, and 95% 
within 11. 4 km. 
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Figure 8 Statistics of earthquake number and average magnitude in different time sections and basins 
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Figure 9 Statistical distribution of distance of earthquake 
epicenter to basin boundary 
3. 5 Discussion 
Our result suggests that B1 and B4 are old and the oth-
er basins are robust in their evolution stages. Historical 
earthquakes in Dingxi Basin are mainly concentrated in 
B1, B2, B5 and B7, but HI values of these basins are 
not significant different from other basins. Thus the 
seismic activity does not appear to be related to the de-
velopment stages of these basins. 
On the other hand , the development of these basin 
boundaries seems to be controlled by earthquake-related 
active faults. This is seen from the distribution of 
basins and active faults: Northern Xiqinling Faults 
cross the junction of B 1 and B2 as well as B5 and 
B10, Lintan-Tanchang Faults cross B2, Huining-
Yigang Faults cross B6 and B7. The earthquake-
concentration areas are northeastern margin of B 1 , 
southern margin of Bll, and the junction of B1 and 
B2, B2 and B5, B4 and B5, B5 and B10, as well as 
B7 and B8. 
The abnormal sections of some major rivers appear to 
be controlled by active faults also. Figure 7 shows four 
zones in which the distribution of abnormal sections is 
generally consistent with the distribution of active 
faults, but with some local differences. Both Northern 
Xiqinling Faults and Lintan-Tanchang Faults are in the 
NW direction. The abnormal sections in Zone 4 inter-
sect with both faults and the fold belts between the 
faults at a large angle , indicateing that these two faults 
have exercised control in Zone 4. Similarly, Zone 2 is 
controlled by Huining-Yigang Faults. There is no such 
fault in Zone 1 and Zone 3 , however. We inferred that 
the abnormal sections in these Zones may be controlled 
by some buried faults or secondary faults. The analysis 
of stream length-gradient shows that this index too is 
sensitively controlled by tectonic activity. 
The M6. 6 Dingxi earthquake is the largest event 
since 1965 in the study area , and it is located in Zone 
4, which has been seismically active in the past. The 
seismic activity has been less active in Zone 3 and in-
frequent in Zone 1 and Zone 2. Thus the tectonic activ-
ity in the southern part of the study area is stronger 
than other parts. 
4 Conclusion 
In this study, we have analyzed the geomorphological 
features of Dingxi basins by using the remote sensing 
technology and compared them with the regional seis-
mic and geological background. We found that : 
1) Most basins in study area are in the robust devel-
opmental stage , and some basins are controlled by ac-
tive faults. 
2) The stream length-gradients are impacted more 
by tectonic activity than lithology changes. 
3) Four zones have significant tectonic activities, 
which is consistent with the distribution analysis of his-
torical earthquakes and abnormal river sections. The 
northwesternly-oriented southern Zone 4 has the highest 
activity, and is where the M6. 6 Dingxi earthquake oc-
curred. 
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